Stimulation with phytohemagglutinin of the leukocytes from six of the seven known individuals with UDP-galactose 4-epimerase (= UDP-glucose 4-epimerase; EC 5.1.3.2) deficiency consistently resulted in the appearance of e imerase activity in the cultured cells. A long-term lymphoblast culture derived from one proband also contained an active epimerase enzyme. A comparison of the properties of this enzyme with those of epimerase produced by control lymphoblast lines revealed comparable Km values for UDPgalactose and NAD and identical behavior on polyacrylamide electrophoresis. However, a difference in the NAD requirement for heat stability at 400 provided some evidence for a structural defect in this enzyme. Possible explanations for the appearance of UDP-galactose 4-epimerase activity in stimulated lymphocytes include an increased rate of synthesis of a mutant enzyme and a derepression of an epimerase locus during lymphocyte transformation. The establishment of long-term lymphoblast lines from individuals with inborn errors of metabolism has proved to be a useful technique for the study of specific metabolic defects in cell culture (1, 2). These cells tend to maintain their individual genetic characteristics (3) and have a normal diploid chromosome complement. The initial intent of the present investigation was to study the effect of UDP-galactose 4-epimerase (= UDP-glucose 4-epimerase; EC 5.1.3.2) deficiency on the structure and metabolism of human lymphoblast cells in continuous culture. This enzyme defect (4), inherited as an autosomal recessive disorder (5), has been discovered in the peripheral blood cells of seven probands in three families and is characterized by elevated levels of erythrocyte galactose 1-phosphate (B. Steinmann et al., in preparation). Although there do not appear to be any associated clinical abnormalities in these individuals, deficiency of UDP-galactose 4-epimerase, which catalyzes the reaction UDP-galactose UDP-glucose, is known to result in marked abnormalities of cell wall synthesis in bacteria (6, 7) and has been postulated to be of serious consequence for mammalian cells (8).
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We found, however, that a lymphoblast line established from a human homozygote for this disorder contained an active epimerase enzyme which was not present in her peripheral blood lymphocytes. This called into question the role of lymphocyte transformation in the expression of epimerase activity. Therefore, we undertook further studies into the effect of the mitogen phytohemagglutinin (PHA) on the appearance of epimerase activity in deficient leukocytes and on the specific activity of epimerase in isolated normal lymphocytes. In addition, properties of the enzyme produced by the long-term lymphoblast line from a proband were com-pared with those of epimerase produced by control lines in an attempt to further elucidate the genetic nature of this defect.
EXPERIMENTAL PHA-Stimulation of Leukocytes and Isolated Lymphocytes. Leukocytes were obtained from heparinized venous blood by gravity sedimentation for 90 min at room temperature and were washed once in Hanks' balanced salt solution and once in RPMI 1640 medium (Flow Laboratories). Lymphocytes were isolated from heparinized venous blood on a Ficoll-Hypaque gradient (9) and washed in the same manner. All cultures contained 106 mononuclear cells per ml of complete medium, which consisted of RPMI 1640 supplemented with 20% fetal calf serum (GIBCO), 2 mM L-glutamine (Flow Laboratories), 100 units/ml of penicillin, 100 ,ug/ml of streptomycin, and 0.25 ug/ml of Fungizone (GIBCO). Cultures containing 10-15 ml of cell suspension were incubated with a predetermined optimal stimulatory dose of 1 jig/ml of PHA (Burroughs Wellcome purified, lot HA17) in upright 25 cm2 flasks (Falcon Plastics) at 370 and in a 5% CO2 environment. After thorough cell suspension, triplicate 0.2 ml aliquots were taken from each culture at 0 time and after 72 hr and were incubated in a microculture plate (Falcon Plastics) with 1 ,uCi of [3H]thymidine (Schwarz/Mann, 1.9 Ci/mmol) at 370 for 6 hr. Each microculture was precipitated onto Whatman GF 83 glass filter paper, washed with saline, and transferred to a counting vial containing 10 ml of Insta-Gel (Packard). Radioactivity counting was performed on a Packard Tri-Carb scintillation counter with an efficiency of 40%.
Long-Term Lymphoblast Cultures. Long-term lymphoblast cell lines were initiated by a modification of the method of Beratis and Hirschhorn (10) . Peripheral blood leukocytes obtained by gravity sedimentation of 10 Assays of Epimerase Activity. Peripheral blood leukocytes, lymphocytes, and cultured lymphoblasts were prepared and assayed for epimerase activity as described previously (5). All leukocytes and lymphocytes were washed in decreasing concentrations of NaCl (0.85-0.17%) to remove contaminating erythrocytes.
Partially purified epimerase enzyme from the DEAE-Sephadex column was assayed by a one-step procedure in which the basic assay mixture contained 1 mM NAD, 100 mM glycine-OH, pH 9.0, 1 mM mercaptoethanol, 0.014 units of UDP-glucose dehydrogenase (Sigma), and the enzyme preparation to be tested, in a final volume of 1 ml. After controlling for nonspecific reduction of NAD, 1 mM UDP-galactose was added and the reaction was followed at 340 nm. One unit, U, equals 1 Table 2 . The resulting preparations were used for comparative studies of epimerase activity.
Neither the Km for UDP-galactose nor the pH optimum differed significantly between proband and control enzymes (Table 3 ). Low concentrations of NAD were found to be essential for the stability of epimerase at 4°. Hence, the apparent Km for NAD as a cofactor was determined for enzyme preparations which had been dialyzed for 24 hr against buffer containing 5 MM NAD. In three separate experiments with control and proband enzymes treated identically, there was no difference in the apparent Km for NAD (Table 3) .
A major difference between the enzyme from the proband line and normal controls was found in studies on enzyme stability at 40°. The proband enzyme was consistently less stable in four experiments and lost an average of 85% of its initial activity after 3 min while controls from different donors averaged only a 48% loss of activity under the same conditions. Addition of NAD effectively stabilized epimerase from both sources against heat inactivation, and two sets of experiments were performed to compare heat stability of proband and control enzymes at different NAD concentrations. For this purpose, enzymes were dialyzed for 48 hr against different NAD concentrations prior to the heat inactivation experiments. As shown in Fig. 3 , proband enzyme was completely stabilized against inactivation at 400 at an NAD concentration of 500 MAM and partially stabilized at 50 AM. In contrast, over a wide range of NAD concentrations (0.5-500 MAM), control enzyme required only about one tenth the concentration of NAD needed by the proband enzyme to achieve the same degree of heat stability. The difference in heat stability at 40°is not explained by different proteolytic activities of the two enzyme preparations, since in both the activity was linear for up to 15 min at 370 under optimal conditions. Thus, mixing experiments were not performed. From these studies it could be concluded that the amount of NAD required for heat stabilization differed for the two enzymes, although the NAD concentration required for optimal enzyme activity was similar.
Gel Electrophoresis of Partially Purified Epimerase. Polyacrylamide disc gel electrophoresis of partially purified enzyme preparations from a proband, a control, and a mixture of both are seen in Fig. 4 . Epimerase activity eluted from slices of identical gels was found in the region containing two protein bands, as indicated, and had an average RF value of 0.36. No distinction in the migration of these bands or of the corresponding epimerase activity could be detected for the proband enzyme as compared to three separate controls. In the absence of a method for catalytic staining, it could not be determined whether one or both of these bands represented epimerase.
DISCUSSION
The results reported in this paper indicate that lymphocytes from individuals lacking UDP-galactose 4-epimerase in peripheral blood cells are capable of producing an active epim- $ Blood for lymphocyte studies was drawn 4 days after assaying leukocyte epimerase. In this interval, the child was noted to have a mild temperature elevation associated with symptoms of a viral infection. Proof for the existence of a similar structural defect in lymphoblast epimerase of other probands awaits the establishing of cell lines from these individuals.
The detection of epimerase activity in a long-term cell line alone could have been attributed either to the presence of the Epstein-Barr virus genome presumed to be present in these lines (11) or to a selection for normal or revertant cells during the establishment of the culture. However, the consistent induction of epimerase in PHA-stimulated proband lymphocytes after 72 hr in culture indicated that these cells had the genetic capability to synthesize an active enzyme. This is not the case for lymphocytes from individuals with two other inborn errors of metabolism, a-1,4-glucosidase deficiency (12) and cystathionine synthase deficiency (13, 14) . PHA-stimulation of these cells did not result in the appearance of the deficient enzyme.
PHA-stimulation of normal lymphocytes results in a highly variable increase in the specific activity of many enzymes, but how much of this increase is attributable to new protein synthesis is not always clear (11 72 (1975) One could postulate that the structurally abnormal protein synthesized in peripheral blood cells is rapidly degraded by proteolytic enzymes. An enzyme which inactivates NADdependent enzymes in the absence of NAD has been found in rat intestine (15) , and it is plausible that such an enzyme could be responsible for the early proteolysis of a mutant epimerase defective in the binding of NAD. The appearance of this altered epimerase in cultures of stimulated cells could result from an increase in the rate of protein synthesis which was sufficient to outpace the degradatory mechanism. We have demonstrated a less than 2-fold net increase in epimerase activity in normal lymphocytes after PHA-stimulation, but even such a modest increment could theoretically account for the appearance of mutant enzyme activity.
The possible production of an isoenzyme in stimulated cells must also be considered. Epimerase activity in the normal range has been found in cultured skin fibroblasts and in liver tissue from affected individuals (5). It is conceivable that the blastic transformation of the lymphocyte in culture is associated with a derepression of a genetic locus normally expressed in other cell types. Derepression has been suggested as an explanation for the synthesis of interferon both in lymphoblast cell lines (16) and in PHA-stimulated lymphocytes (17) and for the production of multiple types of immunoglobulins by cloned lymphocytes in long-term culture (18) . Also, in the case of malate dehydrogenase, there is evidence that a specific isoenzyme can be selectively synthesized in PHA-stimulated lymphocytes (19) 
